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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain

feet 0.3048 meters

inches 2.54 centimeters

miles (US statute) 1.609347 kilometers

square inches 6.4516 square centimeters



E -'ENTAL SITE CHARACTERIZATION FOR THE WIDE AREA

MINE SENSOR DEMONSTRATION. ABERDEEN PROVING GROUND

PART I: INTRODUCTION

1. As part of support to the Wide Area Mine (WAN) Proof-of-Principle

program, the US Army Engineer Waterways Experiment Station (WES) documented

environmental and terrain conditions prior to and during each sensor demon-

stration test. The second in a series of WAN sensor demonstration tests was

conducted at Aberdeen Proving Ground (APG) during the period 17-28 October

1988. Captive flight testing (CFT) of the airborne sensor was performed at

Perryman Test Track on 17-23 October 1988; ground sensor testing was performed

at the Old Bombing Site on 24-28 October 1988 (see location map, Figure 1).

The APG site was selected as an analog for Central Europe because of its tem-

perature climate and vegetated (grassland) terrain surfaces.

Purpose and ScoPe

2. Quantitative characterization was performed at these sites using a

variety of automated instrumentation and manual survey techniques. An auto-

mated weather station was installed at the Old Bombing Site to collect

(record) meteorological conditions continuously during the 2-week period.

Staring radiometers were installed at the Perryman Test Area to record radio-

metric temperatures of selected terrain features during the captive flight

testing. At the ground sensor test site, seismic data were collected using

seismic refraction survey techniques. Additionally, soil and vegetation sur-

veys were conducted, and the topography was surveyed and mapped.

3. This report briefly describes procedures, data collected, and

results from each of these efforts and provides a cursory comparison of site

conditions at APG relative to the Yuma Proving Ground (YPG) WAN test site. A

more comprehensive description of background and procedures for these measure-

ments can be found in the YPG site characterization report.*

* Bruce Sabol et al. 1989. "Environmental Site Characterization for the
Wide Area Mine Sensor Demonstration, Yuma Proving Ground, August 1988,"
Miscellaneous Paper EL-89-7, US Army Engineer Waterways Experiment Station,
Vicksburg, MS.



General Description of Sites

4. The Perryman Test Area (Figure 2), used for CFT, is a mobility test-

ing facility containing a straight and flat 2.5-mile-long* asphalt road with

several nonpaved hummocky trails parallel to it. Captive flight tests were

conducted with the target vehicles moving on the asphalt road. The adjacent

terrain is flat and level; it contains grasses and small shrubs in the immedi-

ate vicinity of the road. Just prior to the CFT, the grass adjoining the road

was mowed.

5. The area used for ground sensor testing, the Old Bombing Site, con-

sists of the 0.6 mile-long section of straight asphalt road between "F" tower

on the north end and "C" tower on the south end (see Figure 3 and Photos i

and 2). Adjoining this section of road is an area of open terrain with dense

grassy vegetation that slopes gently downhill to the south. The wide Bush

River is located about 1,000 ft to the west of the road. North of F tower,

the road is surrounded by a mature hardwood forest. South of C tower, the

road turns to the east. The ground sensor testbeds were positioned on a con-

crete pad 500 ft west of the asphalt road at the north end of the site; ground

sensor lines were placed nearby (Figure 3). For most testing the vehicles

were moving along the asphalt road; a limited amount of testing was performed

with vehicles traveling cross country (i.e., off-road).

A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 3.

5



PART II: TEST MEASUREMENTS

Meteorological Conditions

6. Weather conditions during the test were normal fall conditions for

the APG area. Most days were sunny to partly cloudy with a few days of light

rain. Average air temperature was 10.5 ° C, and the daytime average was

12.68 C. Daily average conditions over the test period are presented in Fig-

ure 4; average diurnal condit .s for the captive flight test period are pre-

sented in Figure 5. Wind conditions during the ground sensor testing are

depicted in Figure 6. During the CFT period, the number of tests conducted

under overcast conditions is noteworthy because this tended to create low

levels of thermal background clutter. During the ground sensor test period,

the occurrence of relatively strong wind conditions is significant because

this caused acoustic signatures to be refracted and resulted in acoustic and

seismic background noise caused by vegetation movements; additionally, the

acoustic source was downwind of the sensor for most of the testing. (The

complete weather data set is available from WES.)

Radiometric Temoerature Conditions

7. During the CFT period, radiometric recording instrumentation was

installed along the east edge of the asphalt road at the Perryman Test Area,

approximately 1.5 mile north of the southern end of the asphalt road. Eight

radiometers were emplaced to record radiometric temperatures of the following

surfaces.

Number of
Surface Tvye

Asphalt road 2
Grass in full sun 2
Unpaved road (dirt) 2
Grass in full shade 1
Grass in partial shade I

The average radiometric temperature (averaged over all surfaces) versus time

is shown in Figure 7. The average diurnal thermal response for the four sur-

face types is shown in Figure 8. Thermal contrast between background surface

types is expressed as the standard deviation of the four types (Figures 8

and 9). (The complete radiometer data set is available from WES.)

6



ToDograohic Survey

8. A topographic survey of the ground sensor test site, on the west

side of the road, was conducted by surveying 250 points between F and

C towers. The topographic data were then used to prepare the elevation con-

tour map (Figure 10).

9. The ground surface rises from a marshy, wet lowland at the 4-ft

mean sea level (MSL) contour to the concrete pad (testbed location) at the

19-ft MSL contour. Most vehicle movement along the paved road occurred

between the 17-ft contour to the north and the 8-ft contour to the south. The

vehicle movement off-road occurred between the 18-ft contour to the north and

the 9-ft contour to the south. Slopes in this area range from 0 to 8 percent

in the north-south direction, and from 0 to 2 percent in the east-west direc-

tion. One effect of this is that vehicles traveling in a northerly direction

required higher engine speeds (creating more engine noise) to maintain the

required test speed. This might result in different ground sensor performance

for vehicles traveling in opposite directions.

Subsurface Survey

10. Prior to the ground sensor test, a seismic refraction survey was

conducted at the Old Bombing Site. Procedures used were similar to those

described in the YPG site characterization report and consisted of running

seismic refraction lines perpendicular and parallel to the road at five loca-

tions 25 to 100 ft west of the road (Figure 11).

11. The survey revealed a reasonably uniform subsurface coastal type

geology. Surface topography varied as described above; consequently, the

water table (bottom layer) varied from 4 to 18 ft below the surface. The

surface soil is a sand/silt/clay mixture. Seismic refraction survey results

are shown in Figures 12-21. The seismic properties are summarized below.

P-wave S-wave* Layer Thickness. ft
f/sec t/sec ang

1 1,220 427 1.5-5.0 3.6
2 1,980 950 4.1-13.0 8.5
3 5,050 1,050 -- t --

* Estimated from a limited amount of data.
** Thickness will vary, especially with varying sur-

face elevations.
t No data.



12. The geological material in layer 2 is approximately the same as

that in layer 3, except for the presence of the water table. This causes the

shear wave velocity to be approximately the same in each layer since saturated

soil will not carry a shear load. The site transfer function is presented in

Figure 22.

Vegetation Conditions

13. Vegetation present at the ground sensor test site consists of a

grassy plain surrounded by deciduous trees along the north and south borders

(Figure 3). Plants identified in this area are typical of those common to the

Atlantic Coastal Plain. These are listed in Table 1.

14. The forest on the northern boundary consists of mature trees, 40 to

60 ft tall, averaging 15 in. in diameter at breast height (dbh). These spe-

cies were predominantly black locust, black cherry, sycamore, and native wal-

nut. Trees immediately bordering the test area to the south consisted of

smaller sweetgums (20 to 33 ft tall, 3 to 5 in. dbh) that occurred along a

drainage ditch running perpendicular to the asphalt road.

15. The grassy area, consisting of grasses, ferns, and small shrubs,

was sampled at four locations (Figure 3). Vegetation within a 1-meter square

area was measured for height, then cut for weighing (fresh weight) and classi-

fication. Vegetation height and density data are shown below.

Sample Density,

1 46 790

2 25 1,000

3 40 1,000

4 30 1,000

16. Of particular significance to the WAM ground sensor was the dense

grassy vegetation in the vicinity of the sensor lines. For many tests the

sensors were installed with minimum disturbance to the grasses (Photo 3).

Additionally, several inches of thick spongy plant detritus and stems, rhi-

zomes, and roots from live plants blanketed the ground, making it difficult to

achieve good seismic coupling with the substrate.

8



Surface Soil Conditions

17. A soil survey was performed at the Old Bombing Site prior to con-

ducting the ground sensor test. Soil samples and cone penetrometer measure-

ments (using a 0.2-sq in. cone) were made at each of the five sampling

locations (Figure 3); cone penetrometer measurements were taken along a line

between the C and F towers several hundred feet west of the road. Samples

were obtained by removing vegetation and collecting soil to a depth of 5 in.

Samples were returned to WES for laboratory analysis and classification.

Three replicate cone index (CI) measurements were taken at each location.

Soil classification data are presented in Figure 23; the CI data are summa-

rized in Table 2.

18. Soil analysis revealed a sand/silt/clay mixture at all locations

with decreasing bearing strength as the ground elevation decreased and became

saturated. It was determined that the southern half of the site would not be

trafficable by heavy-tracked vehicles; therefore, the off-road vehicle tests

were performed in the northern half of the site proceeding from the north to

the south (Figure 3).

9



PART III: SUMMARY

19. The WAM sensor testing at Aberdeen Proving Ground provided a sig-

nificantly different sensor environment from the earlier test at YPG. Captive

flight testing was performed in an area with relatively few terrain types and

under generally low solar loading and moderate temperatures. This would make

for low levels of thermal background clutter. Ground sensor testing was per-

formed in a dense grassy area under generally windy conditions. This provided

an excellent test of the effects of wind and vegetation background noise.

Additionally, the dense vegetation ground cover provided a good test of geo-

phone coupling (for Textron WAM only, since the Honeywell WAM geophone was not

operationally deployed). The computed seismic site transfer function indi-

cates that relatively good low-frequency propagation occurs but the site has a

low cutoff frequency (frequency above which seismic waves are attenuated),

tending to damp high-frequency signals over short distances. This should

provide a good test of ground sensor system classifiers that use high- and

low-frequency components in making classification decisions.

10



Table 1

Plants Encountered at Ground Sensor Test Site

Family Genus/Species Common Name

Graminae Erian thus sp. Plume grass
Panicun sp. Panic grass
Panicurn v.Lrga rum Switch grass
Andropogan sp. Broom sedge
Sorghastrum nataxs Indian grass
Elymus sp. Wild rye
Manisuris sp.
Paspalum sp. Paspulum

Compositae Euputorlum hyssopifolium Dog fennel
Euputorium rotundLfollum Dog fennel

Fabacaea Lespedeza sp. Lespedeza

Labiatae Monarda sp. Mint

Polypodiaceae Dryoprepis sp. Fern

Poiypodiure sp. Fern

Myricaceae Myrica sp. Myrtle

Rosaceae Rubus sp. Blackberry

Leguminoseae Rabinia pseudoacacia Black locust

Rosaceae Prunus nigre Black cherry

Platanaceae Piatanus occidental is Sycamore

Inglandaceae Juglanh nigra Native walnut

Hamamelidaceae Liquidamber sytraciflua Sweet gum
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Figure 6. Daytime wind speed (m/sec) and direction
during ground sensor testing, 24-28 October 1988

U
r

20
t

17CI .0 02(6t0,W 0yt0.0,0

Ti

Fiue7 enrdoerctmeaueo ak

gruddrn F,1-2Otbr18



to

17/ rN Legend,, / , , A,-- ipllt

-}-- rn--t Dirt lied
' -S l l dh i g r i l l

It(
!II \ \. S
i II'I
0I

% I' ,

0:41 0:4 1.... 110 111$$ 111 \

7:I III II III III II II II II

Nei

Legend

--- ,,t-s

t
T 'I T*--r S-

4NI

deen

log

I

III

Figure 8. Temperature data during CFT, 17-22 October 1988,
showing average diurnal surface temperatures (top) and

thermal contrast (bottom)



CONTRAST

6-

5-

4-

3-

2-

01

170CTB&.00: 00: 00 200CT88*00: 00: 00 230CT88. 00: 00: 00

TIME

Figure 9. Thermal contrast indicator during CF'r



'0Q

0 E 0E
-4-

~ 0 0

40' 0.

0.0
.4-) s~ C) 4

@2 @2 a 0 44
0 @2 0 0

0

5.4



I TS F PROJECTION FON SEISMIC DATA

" ,0
41]LU .,-I

C--- U]
(En

4J]
d)

,if

c 0

0

Maa)

,,4

0

I..-.

COCad

IL IL ,:

- U 41

0 co0 00

0 .,.0

'-I

9.

N0
!0

U. -4 l I

-4

0

I--4

U.

0 0

I-M

UAl



0

Sw - M u30. > u c
a. ass

ak I-a

* ~ .4 E 41

t'-

co41

cc~

0

Ln)

C3 0

0 M)

o 41

C14

Ln 0 Ln 0 Ln 0 Ln a Ln
in m m No

Ossw-N



in

j CL ca

Ile I-Ua

400

z UnaU ~-
It FA R It

*N m -4 )

8 Iin
-Ntq Ua

u

-4

0 3

00

o U)

V N

Oas0



u
w 0 - In p

ii di

> 4- InU i

wi IL ~ N 0 OI 0

> 0
a w u09L a a CK ae aI

g.to .1 .ej .. ton r

-J 2 a 0 1 -4

-1 0 - I
CNIL CK

] i >

a m w

U. U,

W0

44

00
4,

+ 0 ~. >

zo < 4-4

U,

/ 0

DO -3WI



u 
'-4

w IL *41)

w I -4

L U

LL w . U

d ci w U 00
(0w 0 w a U AC

Iul fU W' 0

z0

w z g (. it
0 Cu

o -- 4

S 0

w
41
-4

(0 >

0
&) 0

z $4
0(

I--

0 4)

-4
00

41
-4

OV N *- '

Oft9w -3W I



w - I-

lic I.
c #A 0 m0 1~- C

1.- 0 w w \-s g9L 9

w u
z as 0 I

d '-d d-d W.% 000 0
NO I-.t4

LU>IL IV 0

U)l U as

1% -d

N 0 C0

0 A

co

P,

0 41) 0

0 < '44

00 +4)

CT)

0
0

LC) CN
in 4.)

-3W I-I



uiw ina . 0 0

w
Li a 00

W C; w. 06*1

00 0

W I. t -4
* 3w >L u 1 in m W

C-

0 J)

0

0
-4

00

144

U-

z

00

00

-- 4

in *' le e N

369UI 34II



u

w I
ty -j x

-- -

Cc w 0.
>

N 14

wL a 0 IA O '-
4c Ii N N CK V

s 0 .. CJ a

U. t

0
C 4-4

N 0U

o4
Lfl (4

zi >o co

44

00

m

0

U) L 0 Un n c) 0 n U c in o

Oas W IN1I



I,1

WU >W t. 9UU 00

4c c I

0 co00
w w. coo

VI I. S

** V-g q 0-
-' 0,

IL 
0

i cc

41

$.4

OD C' I

C4

+ 0

CY)d

-4

C

m N (M

069w '3H 1



UI 0
00 It > -w cc

I-

w q

.. E t..
>W 0

L w aU -me 0
<. 0

d 000c o

cy iwm ttuc > LL -4

> MW

0 -N)

I T -

0 w-

o0

000

0

00

In 0 I
0 44

0 U1



u6

-e w

*~ ~ LWU .
On. - OI. L in i

IK U. -in U
>i u 0

III UO 0

z - , 41
I-

L -

41

U~w * ~ '-0I- S - CD

S ~;>
IL E 0-- :-

U0

1j >

C30

-4

Az

00

1 004

-4

0 C3 U 0 0f in C7 0 n 0in m ( mCY N -

38sw -3WI.±



0
0
0

4

LU
CD z.
Z 0

z -

co : /LU

if,-,

o U- (4z

CD .

-4

C.)
0 L C14

L L

0~~~ -000

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0

90 '1 90-1 02



~SU8011 WK N 900 uLIN11 SIX NAWN w"ar

6 3 4 I 8)0 20 30 40 10 M 100 1.0 no0

'00

~ ~ AIgZE d~th~1OS 20

GRADllI N .v0

P .40

'200

90 90

Oi i H l I 10

CO E . I ITorCA

GRADATION CURV I EPH E 0-" DAE I O

20 6SG tox 3 20 25 0 02 0 n 0 ~ 20

90*4 IN N4 I '0CE

005 0 5 
100 1

38 25 '3 1 263 "AT wxRJC wAm TEST ABERDEN MD.

SAMOY SIM CLAY (CL) CRAY

GeRNG No Sava N. 2

GRADATION CUfRVE 0PHvv 05. DT O

Figure 23. Soil test results, Samples 1-5 (Sheet 1 of 3)



v 3 L te W MOM 44 too samw NK 4AM

63 2 1$ ~ 4 810 1520 30 10 50 I 10 2M

50 50

30.
-t I

9.0-

10 5 01 0.3 a 0.011 0.1 0

CPA04iO SZCNMLIETR

L 38 P- 230 P1 30 32 40 242 702 PROEC 30 TES oB D

MA 
-MI'0

so02

40

~~70

~~90

~.00

500 '00 w0 10 5 05 G.1 070 001 000 0700
GUNi ShZE 14 LIMdEERS

36 1 L25 1 P'262 %TW RJC A ETAODW
QA70VXArO4

S81CY WAY SLT (hi) 0RA4'

U01111NGNO. SuIL ID. 4

0"1/M&L 0-51 DATE I 5WS
rGRADAlON CURWVE

Figure 23. (Sheet 2 of 3)



I N

30

0 I ill1 1 1IL

oL i 19 + GS 2.89 1--~LI9i~R P010TWATETONL.

01714/w 0-s DATE IRO
GRADATION CLAVE

Figure 23. (Sheet 3 of 3)



* 7

Photo 1. Ground sensor test site road, looking
south (top) and north (bottom)



Photo 2. Giqssy vegetation at ground sensor test site



Photo 3. Ground sensors emplaced in grassy vegetation


